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I n t r o d u c t i o n  

T h i s  s tudy  i s  concerned w i t h  t h e  mechanisms and e s s e n t i a l  r e a c t a n t s  
of t h a t  p a r t  of t h e  photosynthe t ic  process  i n  which oxygen i s  produced 
by p h o t o l y s i s  of water. This  i s  e s s e n t i a l l y  t h e  l i g h t  absorb ing  r eac t ion ,  
which can be s tud ied  i n  v i t r o  separately from t h e  carbon d ioxide  f i x i n g  
r e a c t i o n s .  The pho to lys i s  of water and evo lu t ion  of oxygen t h a t  occurs  
when c h l o r o p l a s t s  or f ragments  of them a r e  i l l umina ted  i n  t h e  presence 
of a s u i t a b l e  e l e c t r o n  acceptor  i s  gene ra l ly  r e f e r r e d  t o  as t h e  H i l l  
r e a c t i o n .  Attempts t o  reduce the H i l l  r e a c t i o n  system t o  a nonpar t i cu la t e  
s t a t e  have gene ra l ly  r e s u l t e d  i n  loss of a c t i v i t y .  Progress  toward t h i s  
goal  would be u s e f u l  i n  d e f i n i n g  t h e  minimum components and cond i t ions  
r equ i r ed  f o r  p h o t o l y t i c  a c t i v i t y ,  as w e l l  as i n  de te rmining  t h e  d e t a i l s  
of t h e  mechanisms of energy’ t r a n s f e r .  Recent experiments  a long  these  
l i n e s  i n  our l a b o r a t o r i e s  l ed  t o  es tab l i shment  of t h i s  p r o j e c t  t o  s tudy 
c h l o r o p l a s t  extracts.  

-- 

Experimental  P l an  

The long range p l an  of study inc ludes  a n a l y t i c a l  i n v e s t i g a t i o n s  t o  
i d e n t i f y  and c h a r a c t e r i z e  the  components of the  pho toac t ive  complex, and 
t o  determine the  f u n c t i o n  of each; examination of t h e  r o l e  of p r o t e i n s ,  
e s p e c i a l l y  enzymes,7 i n  the  complex; s t u d i e s  on methods of p repa r ing  
extracts of ch lo rop la s t s ,  and the s t a b i l i t y  of t h e  p repa ra t ions ;  deter-  
mina t ion  of t h e  p a r t i c i p a t i o n  and rb l e  of var ious c o f a c t o r s ;  and a p p l i -  
c a t i o n  of spec t roscop ic  and o the r  phys i ca l  methods t o  e l u c i d a t i o n  of t h e  
c h a r a c t e r i s t i c s  of t h e  sys t em.  

A c t i v i t v  During t h e  Period 

The major a r e a s  of experimental  i n v e s t i g a t i o n  dur ing  t h i s  per iod  
inc luded  s t u d i e s  on methods of p repa ra t ion  and s t o r a g e  s t a b i l i t y  of 
c h l o r o p l a s t s  and ch lo rop la s t  fragments,  use  of d i g i t o n i n  i n  the  prepara-  
t i o n  of a c t i v e  fragments and f r a c t i o n s ,  and a t tempts  t o  improve H i l l  
r e a c t i o n  a c t i v i t y  of d i g i t o n i n  p repa ra t ions  by var ious  procedures .  

Future  P lan  

Work dur ing  the  next qua r t e r  w i l l  inc lude  s t u d i e s  on l y o p h i l i z a t i o n  
as a means of p re se rv ing  a c t i v e  p repa ra t ions ,  o t h e r  methods than  d i g i t o n i n  
d i g e s t i o n  t o  f r a c t i o n a t e  ch lo rop la s t s ,  the r o l e  of p l a s t iqu inone  and 
o t h e r  co fac to r s ,  and t h e  phys ica l  and chemical c h a r a c t e r i s t i c s  of the  S ,  
or s i m i l a r  f r a c t i o n .  

Experiment a 1 

A .  P repa ra t ion  and Storage T e s t s  

Ch lo rop la s t s  and fragments were prepared from f r e s h  market spinach,  
t y p i c a l l y  as fo l lows .  The leaves were c h i l l e d ,  washed i n  d i s t i l l e d  
water, and deveined. They were then c u t  i n t o  small  p i eces  and ground 
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with  e i t h e r  a mortar and p e s t l e  or a Wari g blendor ,  i n  s o l u t i o n  of 
0.1M KC1, 0.5M sucrose,  and 0.5M phosphate bu f fe r  of pH 6.6. The l eaves  
were e i t h e r  i l l umina ted  or kept  i n  t h e  dark  p r i o r  t o  g r ind ing .  The 
sucrose-phosphate b u f f e r  was used a t  t h e  ra te  of 1 ml/g of l e a f  t i s s u e .  
The l eaves  were ground only enough t o  l i q u i f y  t h e  p repa ra t ion ,  t hen  
s t r a i n e d  through f o u r  l a y e r s  of cheesec lo th  con ta in ing  one l a y e r  of 
g l a s s  wool. 

The f i l t e r e d  suspension was cen t r i fuged  f o r  5 min a t  2,000 rpm 
(480 g) t o  remove l a r g e r  c e l l  deb r i s ,  t hen  f o r  15 min a t  3,000 rpm (1085 g) 
t o  c o l l e c t  whole c h l o r o p l a s t s p  and f i n a l l y  f o r  15 min a t  15,000 rpm 
(27,000 g) t o  c o l l e c t  c h l o r o p l a s t  f ragments .  The p e l l e t s  of c h l o r o p l a s t s  
or fragments were resuspended i n  sucrose-phosphate bu f fe r ,  u s ing  a g l a s s  
homogenizer. The sample p repa ra t ion  w a s  a l l  done under green l i g h t .  
Samples not  used immediately f o r  H i l l  r e a c t i o n  assays were f rozen  i n  
3-ml a l i q u o t s  and s t o r e d  i n  the  dark i n  t h e  f r e e z e r .  

H i l l  r e a c t i o n  a c t i v i t y  was determined by measuring oxygen evo lu t ion  
i n  t h e  Warburg appa ra tus ,  I n  each tes t  t h e  Warburg f l a s k  contained:  
0 . 2  m l  IS% KOH i n  the  c e n t e r  w e l l ;  0,8 m l  pH 6.6 phosphate bu f fe r ,  1 . 0  m l  
0.01M K,Fe(CN),, 1.0 m l  tes t  sample i n  t h e  s i d e  a r m .  
minat ions were made on each sample by d i s s o l v i n g  0 .5  m l  i n  25 m l  of 80% 
ace tone  and measuring o p t i c a l  dens i ty  i n  t h e  spectrophotometer  a t  652 mp: 
mg chlorophyl l /ml  = OD,,, X 1000 X 25. 

Chlorophyl l  d e t e r -  

The oxygen e v o l u t i o n  ra te  was 
3 4 . 5  X 1000 X 0 . 5  

c a l c u l a t e d  as: Chl - p1 O,/min X 60 . - 
'0, mg chlorophyll/ml 

The e f f e c t s  of methods of p repa ra t ion  and s to rage  pe r iods  tested so 
f a r  a r e  shown i n  Table I ,  I l l umina t ion  and a l t e r n a t i v e  methods of gr inding  
appear  t o  have r e l a t i v e l y  l i t t l e  e f f e c t  on H i l l  r e a c t i o n  a c t i v i t y .  The 
c h l o r o p l a s t s  seem t o  keep a l i t t l e  b e t t e r  than  t h e  fragments du r ing  s to rage  
i n  t h e  f rozen  s t a t e .  Washing with l a r g e  volumes of b u f f e r  d i d  not  seem t o  
a f f e c t  a c t i v i t y  apprec iab ly .  I n  genera l ,  t he  p r e s e r v a t i o n  of a c t i v i t y  i n  
s t o r e d  f rozen  samples  was q u i t e  good. S t u d i e s  on lyoph i l i zed  samples are  
under way 

E f f e c t  of Diges t ion  with Dig i ton in  

P repa ra t ions  were made a s  descr ibed above, through t h e  f i r s t  c e n t r i f u -  
g a t i o n  a t  2,000 rpm, The supernatant  was cen t r i fuged  a t  15,000 rpm, and 
t h e  p e l l e t  was resuspended i n  30 m l  of sucrose-phosphate b u f f e r  with 
va r ious  amounts of d i g i t o n i n  added, The homogenized mixture w a s  allowed 
t o  s t and  i n  t h e  co ld  for 15 min ,  and was then  cen t r i fuged  a t  3,000 rpm 
f o r  10 min, 
a p o r t i o n  w a s  c en t r i fuged  a t  15,000 rpm f o r  15 min. The S, superna tan t  
w a s  separa ted  from t h e  P, ' p e l l e t ,  and a p o r t i o n  was aga in  cen t r i fuged  a t  
15,000 rpm f o r  60 min t o  prepare  p e l l e t  P, and superna tan t  S,. The p e l l e t s  
were resuspended i n  sucrose-phosphate b u f f e r  f o r  M i l l  r e a c t i o n  measurement. 
R e s u l t s  are compared i n  Table II, 

The superna tan t  (SI) was sepa ra t ed  from t h e  p e l l e t  ( P I ) >  and 
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Table I1 

ACTIVITY OF FRACTlONS OBTAINED WITH DIGITONIN TREATMENT 

C. Treatment of D ig i ton in  P repa ra t ions  

The experiments  summarized i n  Table  I1 suggested t h a t  the  presence 
of d i g i t o n i n  might be reducing the H i l l  r e a c t i o n  a c t i v i t y ,  e s p e c i a l l y  i n  
the  l a t e r  superna tan t  f r a c t i o n s .  Attempts were made t o  improve t h e  
a c t i v i t y  by Sephadex chromatography and d i a l y s i s .  The Sephadex columns 
were prepared wi th  d i f f e r e n t  grades suspended i n  Q.1M KC1. The sample 
was added t o  t h e  t o p  of t h e  column and t h e  column was dra ined  u n t i l  t h e  
sample w a s  adsorbed. The column was then  e l u t e d  wi th  0.5M phosphate 
bu f fe r ,  pH 6.6. 

On Sephadex 25, P,S, formed two bands, one of which w a s  e l u t e d .  
P,P,S, t o g e t h e r  formed t h r e e  bands, t h e  f i r s t  two of which were e l u t e d .  
On Sephadex 50, P,P,S, t oge the r  formed f o u r  bands, of which t h e  f i r s t  
two were e a s i l y  e lu t ed ,  t h e  other  two not a t  a l l .  On Sephadex 100, flow 
rates were very  f a s t ,  and no sepa ra t ions  were achieved. A l l  of t h e  
e l u t e d  f r a c t i o n s  contained d ig i ton in ,  so t h e  method was abandoned. 

Two c h l o r o p l a s t  p repa ra t ions  made as descr ibed  above with 1% d i g i t o n i n  
were used t o  i n v e s t i g a t e  t h e  e f fec t .  of d i a l y s i s .  I n  each case, a f t e r  
d i g e s t i o n  wi th  d i g i t o n i n  ha l f  of t h e  sample was d ia lyzed  i n  t h e  co ld  
a g a i n s t  3 l i t e rs  of 0.5M phosphate bu f fe r ,  pH 6.6, which w a s  s t i r r e d  
mechanically du r ing  t h e  d i a l y s i s .  The o t h e r  ha l f  of t h e  sample was kept  
as a c o n t r o l  a t  t h e  same temperature. Both d i a lyzed  and c o n t r o l  samples 
were f r a c t i o n a t e d  a s  descr ibed  above. The r e s u l t s  of H i l l  r e a c t i o n  
measurements are shown i n  Table I I I .  D i a l y s i s  f o r  4 hours d i d  not 
e f f e c t i v e l y  remove enough of t h e  d ig i ton in ,  while  d i a l y s i s  f o r  19 hours  
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Table I11 

EFFECT OF DIALYSIS ON ACTIVITY OF D I G I T O N I N  EXTRACTS 

Prepa ra t ion  #I 
Before d i a l y s i s  

19-hour d i a l y s i s  

19-hour c o n t r o l  

P repa ra t ion  #9 

Before d i a l y s i s  

4-hour d i a l y s i s  

4-hour c o n t r o l  

Whole 
Ex t rac t  

180 

- - -3) 

90 

23 1 

240 

90 

Ch 1 
0 2  

- 250- 
156 

--- I n d i c a t e s  n e g l i g i b l e  a c t i v i t y  

removed most but  not a l l .  D ia lys i s  seemed t o  have a b e n e f i c i a l  e f f e c t  
i n  some cases ,  thou  h not  c o n s i s t e n t l y .  The loss of a c t i v i t y  i n  c o n t r o l s  
du r ing  s to rage  a t  4 C i s  d iscouraging  toward t h e  use of extended 
d i a l y s i s  t i m e .  

F 

F i n a n c i a l  S t a t u s  

During t h e  second qua r t e r ,  approximately 2 1  percent  of a l l o c a t e d  
funds  were spent .  Work w i l l  cont inue a t  a s l i g h t l y  a c c e l e r a t e d  ra te  
dur ing  t h e  t h i r d  q u a r t e r .  

Respec t fu l ly  submitted,  

Chairman d Luman F. Ney, 
Department of Biochemis r y  

J an ice  E. B. Coomber 
P l a n t  Biochemist 
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